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$ VHQVLWLYH QHXWURQ VSHFWURPHWHU

IRU WKH 1DWLRQDO ,JQLWLRQ )DFLOLW\e

5� *� :DWW� 5� (� &KULHQ� .� $� .ODUH� 7� -� 0XUSK\� DQG '� &� :LOVRQ

/RV $ODPRV 1DWLRQDO /DERUDWRU\� /RV $ODPRV� 10 �����

6� +DDQ

/DZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\� /LYHUPRUH� 86$� �����

�3UHVHQWHG RQ �� -XQH �����

$EVWUDFW

:H DUH GHYHORSLQJ D VHQVLWLYH QHXWURQ VSHFWURPHWHU IRU WKH 1DWLRQDO ,JQLWLRQ

)DFLOLW\ ODVHU DW /LYHUPRUH� 7KH VSHFWURPHWHU ZLOO FRQVLVW RI D ���� FKDQ�

QHO VLQJOH�QHXWURQ�LQWHUDFWLRQ WLPH�RI�oLJKW GHWHFWRU DUUD\ nHOGHG �� P IURP

WKH QHXWURQ�SURGXFLQJ WDUJHW� ,W ZLOO XVH DQ H[LVWLQJ GHWHFWRU DUUD\ WRJHWKHU

ZLWK XSJUDGHG HOHFWURQLFV IRU LPSURYHG WLPH UHVROXWLRQ� 0HDVXUHPHQWV RI

QHXWURQ \LHOG� LRQ DQG HOHFWURQ WHPSHUDWXUHV� DQG GHQVLW\�UDGLXV SURGXFW DUH

DOO SRVVLEOH XQGHU FHUWDLQ FRQGLWLRQV XVLQJ RQH�� WZR�� RU WKUHH�VWHS UHDFWLRQ

SURFHVVHV� 7KH ORFDWLRQV RI WKH PRVW LPSRUWDQW SRWHQWLDO VRXUFHV RI VFDWWHUHG

QHXWURQ EDFNJURXQGV DUH GHWHUPLQHG DV WKH nUVW VWHS LQ GHVLJQLQJ FROOLPDWLRQ

WR UHGXFH WKHVH EDFNJURXQGV�

7\SHVHW XVLQJ 5(97(;

�



,� ,1752'8&7,21

7KH 1DWLRQDO ,JQLWLRQ )DFLOLW\ �1,)�� XQGHU FRQVWUXFWLRQ DW /DZUHQFH /LYHUPRUH 1DWLRQDO

/DERUDWRU\� LV GHVLJQHG WR GHOLYHU ��� 0- RI ODVHU HQHUJ\ WR PP�VFDOH WDUJHWV� 7KLV HQHUJ\

LV VL[W\ WLPHV PRUH WKDQ LQ WKH SUHYLRXV JHQHUDWLRQ RI ODUJH ODVHUV DQG LV SUHGLFWHG WR EH

VXpFLHQW IRU FRQGXFWLQJ LQHUWLDO FRQnQHPHQW IXVLRQ �,&)� H[SHULPHQWV SURGXFLQJ IXVLRQ

EUHDN�HYHQ DQG PRGHUDWH JDLQ� 7KH QHXWURQ \LHOG IURP D WDUJHW SURGXFLQJ ��� 0- RI IXVLRQ

HQHUJ\ ZRXOG EH ��� d ����� ZKLFK LV HLJKW RUGHUV RI PDJQLWXGH PRUH QHXWURQV WKDQ KDYH
EHHQ SURGXFHG E\ K\GURG\QDPLFDOO\�HTXLYDOHQW WDUJHWV LQ H[SHULPHQWV RQ WKH 1RYD RU 2PHJD

ODVHUV� 7KH QHXWURQ \LHOGV SUHGLFWHG IRU WKH 1,) LPSO\ D PXFK ODUJHU UROH IRU IXVLRQ SURGXFW

GLDJQRVWLFV VLQFH LW ZLOO EH SRVVLEOH WR PHDVXUH WKH WDUJHW FRQGLWLRQV XVLQJ D YDULHW\ RI

KLJKHU�RUGHU SURFHVVHV LQ DGGLWLRQ WR WKH PDLQ IXHO \LHOG� 'XULQJ WKH FRPPLVVLRQLQJ SKDVH

RI WKH 1,) ZKHQ IXOO ODVHU HQHUJ\ LV QRW DYDLODEOH� VXE�LJQLWLRQ ,&) H[SHULPHQWV PD\ EH

SHUIRUPHG XVLQJ VXUURJDWH WDUJHWV ZKLFK JHQHUDWH ORZ QHXWURQ \LHOGV� VXFK DV ODVHU�SODVPD

LQWHUDFWLRQ H[SHULPHQWV >�@� V\PPHWU\ WXQLQJ H[SHULPHQWV >�@� DQG QRQ�FU\RJHQLF FDSVXOH

H[SHULPHQWV LQFOXGLQJ GHXWHUDWHG�VKHOO >�@ DQG GRXEOH�VKHOO FDSVXOHV >�@� )XUWKHUPRUH� QRQ�

,&) H[SHULPHQWV DUH SODQQHG IRU WKH 1,) WKDW ZLOO UHTXLUH VHQVLWLYH QHXWURQ GLDJQRVWLFV� ,Q

WKLV SDSHU ZH GLVFXVV WKH DSSOLFDWLRQV DQG GHVLJQ RI D VHQVLWLYH QHXWURQ VSHFWURPHWHU �616�

IRU WKH 1,)�

,,� +$5':$5( '(6&5,37,21 2) 7+( 6(16,7,9( 1(87521

63(&7520(7(5 �616�

7KH 616 ZLOO EH DQ XSJUDGHG YHUVLRQ RI WKH 7LRQ �CWHH�LRQ
� QHXWURQ VSHFWURPHWHU SUH�

YLRXVO\ XVHG RQ WKH 1RYD ODVHU >�@� 7KH VSHFWURPHWHU ZLOO FRQVLVW RI D ���� FKDQQHO DUUD\ RI

VFLQWLOODWRU�SKRWRPXOWLSOLHU GHWHFWRUV� $Q DOFRYH DGMDFHQW WR WKH 1,) WDUJHW KDOO DQG ODVHU

VZLWFK\DUG �� KDV EHHQ FRQVWUXFWHG WR SODFH WKH 616 DSSUR[LPDWHO\ �� P IURP FKDPEHU

FHQWHU >�@� )LJXUH � VKRZV WKH ORFDWLRQ RI WKH DOFRYH LQ UHODWLRQ WR WKH WDUJHW FKDPEHU DQG
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OLQH�RI�VLJKW KROH LQ WKH WDUJHW ED\ ZDOO� 'HWDLOV RI WKH GHVLJQ� FRQVWUXFWLRQ� DQG FDOLEUDWLRQ

RI WKH 7LRQ GLDJQRVWLF DUH DYDLODEOH HOVHZKHUH >���@� %HFDXVH WKH QHXWURQ HPLVVLRQ WLPH LV

VKRUW �� � QV�� WKH VSHFWUXP FDQ EH REWDLQHG IURP WKH DUULYDO WLPH GLVWULEXWLRQ RI LQGLYLGXDO
QHXWURQ LQWHUDFWLRQV LQ WKH PXOWLFKDQQHO GHWHFWRU DUUD\� 7KH DUULYDO WLPHV DQG YHORFLWLHV IRU

JDPPD UD\V DQG VHYHUDO QHXWURQ HQHUJLHV DUH VKRZQ LQ 7DEOH ,�

7KH QXPEHU RI QHXWURQ LQWHUDFWLRQV LQ HDFK SODVWLF VFLQWLOODWRU LV JLYHQ E\ 1  

< �$ �{5����bHb[ w� ZKHUH < LV WKH QHXWURQ \LHOG� $ LV WKH GHWHFWRU DUHD� 5 LV WKH GLVWDQFH

IURP WKH 1,) WDUJHW WR WKH VFLQWLOODWRU ��� P�� [ LV WKH GHWHFWRU WKLFNQHVV� DQG w LV WKH QHX�

WURQ PHDQ IUHH SDWK IRU HODVWLF VFDWWHULQJ� 7KH PHDQ IUHH SDWK LQFUHDVHV ZLWK QHXWURQ HQHUJ\

DV WKH QHXWURQ FURVV VHFWLRQ IRU HODVWLF VFDWWHULQJ IURP SURWRQV LQ WKH VFLQWLOODWRU GHFUHDVHV�

WKH YDOXHV RI w IRU G�G� G�W� DQG �� 0H9 QHXWURQV DUH ��� FP� ���� FP� DQG �� FP� UHVSHF�

WLYHO\� 7KH VFLQWLOODWRUV DUH PRXQWHG LQ DQ LQWHUFKDQJHDEOH GLVN� WKXV WKH QHXWURQ VHQVLWLYLW\

FDQ EH DGMXVWHG IRU D SDUWLFXODU H[SHULPHQW E\ LQVWDOOLQJ D GLVN ZLWK WKH GHVLUHG VFLQWLOODWRU

YROXPH� 'LVNV ZLWK VFLQWLOODWRU YROXPHV RI ����� ����� RU ���� FP� ZHUH XVHG RQ 1RYD� 7KH

G\QDPLF UDQJH DYDLODEOH LQ D SDUWLFXODU H[SHULPHQW FDQ EH H[WHQGHG E\ FRQVWUXFWLQJ D GLVN

ZLWK PXOWLSOH VFLQWLOODWRU YROXPHV >�@� DW WKH FRVW RI UHGXFLQJ WKH G\QDPLF UDQJH LQ D VLQJOH

H[SHULPHQW� /RZHU GHWHFWRU VHQVLWLYLW\ PLJKW EH REWDLQHG RQ WKH 1,) E\ FRQVWUXFWLQJ D GLVN

ZLWK VPDOOHU VFLQWLOODWRUV� +RZHYHU� WKH OLJKW RXWSXW IURP HDFK VFLQWLOODWRU ZLOO GURS ZKHQ

WKH VFLQWLOODWRU WKLFNQHVV LV OHVV WKDQ WKH PD[LPXP UHFRLO SURWRQ UDQJH IURP WKH QHXWURQ

HODVWLF VFDWWHULQJ LQWHUDFWLRQ �
 � PP IRU �� 0H9 UHFRLO SURWRQV�� $ GHXWHUDWHG SODVWLF

VFLQWLOODWRU PLJKW EH XVHG WR UHGXFH WKH UHFRLO UDQJH WR PRUH DFFXUDWHO\ PDWFK WKH WKLQQHU

VFLQWLOODWRU XVHG LQ WKLV FDVH� 8OWLPDWHO\� WKH QHXWURQ UHVSRQVH RI WKH SKRWRWXEHV ZLOO VHW

WKH XSSHU OLPLW RQ GHWHFWDEOH QHXWURQ \LHOG ZLWK JRRG WLPLQJ DFFXUDF\� (DFK GHWHFWRU FKDQ�

QHO LV FRQQHFWHG WR D FRQVWDQW IUDFWLRQ GLVFULPLQDWRU �&)'� ZLWK OHVV WKDQ ��� QV RI WLPH

ZDON RYHU D ���GE G\QDPLF UDQJH >��@� 7KH WLPLQJ VLJQDOV IURP WKH &)'V DUH FRQQHFWHG WR

/HFUR\ ����6 WLPH�WR�GLJLWDO FRQYHUWHU �7'&� )DVWEXV PRGXOHV ZLWK ����QV WLPH VDPSOLQJ

DQG ���QV FRQYHUVLRQ WLPH� 7KH )DVWEXV PRGXOHV DQG RWKHU HOHFWURQLFV ZLOO EH FRQWUROOHG E\

D 3&�EDVHG GDWD DFTXLVLWLRQ V\VWHP� 7KH WLPH UHVROXWLRQ RI WKH 616 ZLOO EH GHWHUPLQHG E\
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WKH QHXWURQ WUDQVLW WLPH DFURVV WKH VFLQWLOODWRU �h��� QV IRU G�G QHXWURQV DQG ��FP WKLFN�

QHVV�� WKH SKRWRPXOWLSOLHU WXEH �307� WUDQVLW WLPH VSUHDG �� QV IRU �� SKRWRHOHFWURQV IURP

D ���� 0H9 UHFRLO SURWRQ�� WKH WLPH ZDON LQ WKH &)' �h���� QV RYHU WKH PD[LPXP G\QDPLF
UDQJH�� DQG WKH VDPSOLQJ WLPH RI WKH 7'&V ���� QV�� 7KHVH IDFWRUV� FRPELQHG LQ TXDGUDWXUH�

VXJJHVWV WKDW D UHVROXWLRQ RI ��� QV FDQ EH DFKLHYHG� 7KLV WLPH UHVROXWLRQ FRUUHVSRQGV WR DQ

HQHUJ\ UHVROXWLRQ IRU G�G QHXWURQV RI � NH9 �������� )RU G�W QHXWURQV WKH QHXWURQ WUDQVLW

WLPH �h��� QV IRU D ��FP WKLFNQHVV� DQG 307 VSUHDG ���� QV� ZLOO EH VPDOOHU� UHVXOWLQJ LQ

HVWLPDWHG WLPH DQG HQHUJ\ UHVROXWLRQ RI ��� QV DQG �� NH9 �������� %HWWHU HQHUJ\ UHVROXWLRQ

ZLOO EH REWDLQHG ZLWK WKLQQHU VFLQWLOODWRUV� 7KH DFWXDO WLPH UHVROXWLRQ FDQ EH LQIHUUHG IURP

WKH REVHUYHG ZLGWK RI WKH KDUG [�UD\ SXOVH SURGXFHG E\ 1,) WDUJHWV�

,,,� $33/,&$7,216 2) 7+( 616

$� 1HXWURQ \LHOG

7KH 616 ZLOO SURYLGH WKH PRVW VHQVLWLYH PHDVXUHPHQW RI QHXWURQ \LHOG RQ WKH 1,)� <LHOGV

RI G�G QHXWURQV DV ORZ DV �d ��� FDQ EH PHDVXUHG ZLWK � ��� VWDWLVWLFDO XQFHUWDLQW\� 7KH

616 FDQ RSHUDWH DV D VLQJOH�LQWHUDFWLRQ GHWHFWRU DUUD\ IRU G�G QHXWURQ \LHOGV XS WR �d ���

XVLQJ WKH H[LVWLQJ ���� FP� VFLQWLOODWRUV RU FRXOG EH H[WHQGHG WR KLJKHU \LHOGV ZLWK VPDOOHU

VFLQWLOODWRUV� 2WKHU FRUH QHXWURQ GLDJQRVWLFV RQ 1,) DUH OLNHO\ WR PDNH VXFK DQ H[WHQVLRQ

XQQHFHVVDU\ >��@� 7KH PD[LPXP \LHOG IRU G�W DQG �� 0H9 WHUWLDU\ QHXWURQV ZLOO EH DS�

SUR[LPDWHO\ � d ���� DQG � d ����� UHVSHFWLYHO\� 7KH \LHOG FDOLEUDWLRQ ZLOO EH GHWHUPLQHG
WKURXJK D FRPELQDWLRQ RI LQWULQVLF FDOLEUDWLRQ �GLVWDQFH� VROLG DQJOH� DQG QHXWURQ DWWHQXD�

WLRQ�� DFFHOHUDWRU FDOLEUDWLRQ XVLQJ WKH DVVRFLDWHG SDUWLFOH WHFKQLTXH� DQG FURVV�FDOLEUDWLRQ

WR RWKHU 1,) \LHOG GLDJQRVWLFV VXFK DV QHXWURQ DFWLYDWLRQ� 7KHVH QHXWURQ \LHOGV FDQ EH XVHG

IRU GHWHUPLQLQJ WKH IXVLRQ UHDFWLYLW\ LQ ODVHU�SODVPD LQWHUDFWLRQ H[SHULPHQWV ZLWK JDV�nOOHG

KRKOUDXPV FRQWDLQLQJ GHXWHUDWHG QHRSHQWDQH >��@� ;H�'� >�@� RU +H�+ JDV nOOV ZLWK WUDFH

TXDQWLWLHV RI GHXWHULXP� $QRWKHU DSSOLFDWLRQ LV PHDVXULQJ WKH \LHOG IURP D GHXWHUDWHG OD\HU
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>�@ LQ WKH DEODWRU RI DQ ,&) FDSVXOH nOOHG ZLWK QRQ�UHDFWLQJ K\GURJHQ JDV IRU FRPSDULVRQ

ZLWK VLPXODWLRQV RI WKH WKHUPDO FRQGXFWLRQ ORVVHV IURP WKH FRPSUHVVHG FRUH LQWR WKH DEOD�

WRU� 7KH GHSWK RI WKH GHXWHUDWHG OD\HU FDQ EH YDULHG LQ VHSDUDWH FDSVXOHV WR PDS RXW WKH

WHPSHUDWXUH SURnOH LQ WKH DEODWRU�

%� ,RQ WHPSHUDWXUH IURP SULPDU\ QHXWURQV

,Q ,&) WDUJHWV ZKHUH WKH EXON oXLG VSHHG LV QHJOLJLEOH FRPSDUHG ZLWK WKH LRQ WKHUPDO

VSHHG >��@� WKH QHXWURQ HQHUJ\ VSHFWUXP PD\ EH XVHG WR GLDJQRVH WKH WHPSHUDWXUH RI WKH IXHO

>��@� :KHQ WKH WDUJHW \LHOG LV OHVV WKDQ �b �d ���� WKH VSHFWUD IURP FRQYHQWLRQDO FXUUHQW�
PRGH 72) GHWHFWRUV VXmHU IURP VWDWLVWLFDO oXFWXDWLRQV LQ WKH UDWH RI QHXWURQ LQWHUDFWLRQV LQ

WKH GHWHFWRU DQG WKH TXDQWLW\ RI VFLQWLOODWLRQ OLJKW FUHDWHG LQ HDFK LQWHUDFWLRQ� >��@ )RU WKHVH

WDUJHWV� VLQJOH�QHXWURQ�LQWHUDFWLRQ GHWHFWRU DUUD\V >�������@ DUH XVHG WR LQFUHDVH VHQVLWLYLW\

E\ PHDVXULQJ WKH DUULYDO WLPHV RI LQGLYLGXDO QHXWURQV DQG FRQVWUXFWLQJ D VSHFWUXP IURP

PDQ\ GHWHFWRU FKDQQHOV� 5HVXOWV IURP FXUUHQW�PRGH GHWHFWRUV DQG VLQJOH�LQWHUDFWLRQ DUUD\V

RQ WKH 1RYD ODVHU LQGLFDWH WKDW WKHLU XVHIXO UDQJHV RI QHXWURQ \LHOG RYHUODS E\ OHVV WKDQ

D IDFWRU RI WZR >�@� 7KH 616 FDQ GHWHUPLQH 7L IRU G�G QHXWURQ \LHOGV LQ WKH UDQJH IURP

�d ��� WR �d ��� DQG IRU G�W QHXWURQ \LHOGV LQ WKH UDQJH IURP �d ��� WR �d ����� 7KH LRQ
WHPSHUDWXUH LV GHWHUPLQHG IURP WKH VSUHDG LQ QHXWURQ HQHUJ\ E\ WKH UHODWLRQ IURP %U\VN >��@

c(Q�NH9 �  &GW

T
7L�NH9 � ZKHUH c(Q LV WKH HQHUJ\ VSUHDG �):+0� DQG &GW  ��� �IRU G�

G UHDFWLRQV WKH FRHpFLHQW LV &GG  ������ 7KH HQHUJ\ VSHFWUXP LV UHODWHG WR WKH DUULYDO WLPH

VSHFWUXP E\ WKH UHODWLYLVWLF WLPH�RI�oLJKW UHODWLRQ (  �P ���5 W�� 
T
�b �5 FW�� ZKHUH

W LV WKH DUULYDO WLPH� 7KH HQHUJ\ VSHFWUXP PXVW EH FRUUHFWHG IRU WKH LQVWUXPHQWDO WLPH

UHVROXWLRQ DSSOLFDEOH WR WKH SULPDU\ QHXWURQ SHDN LQYROYHG� 7KLV FRUUHFWLRQ LV HTXLYDOHQW WR

VXEWUDFWLQJ WKH ?WHPSHUDWXUH� FRUUHVSRQGLQJ WR WKH LQVWUXPHQWDO HQHUJ\ UHVROXWLRQ WKURXJK

WKH %U\VN UHODWLRQ�
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&� 0HDVXUHPHQWV XVLQJ VHFRQGDU\ QHXWURQV

,Q VPDOO RU ZHDNO\ FRPSUHVVHG ,&) FDSVXOHV nOOHG ZLWK GHXWHULXP JDV� WKH DYHUDJH

GHQVLW\�UDGLXV SURGXFW �|5� RI WKH IXHO UHJLRQ FDQ EH GHWHUPLQHG E\ PHDVXUHPHQWV RI WKH

VHFRQGDU\ �G�W� QHXWURQV >��@� 7KH G�G IXVLRQ UHDFWLRQ KDV WZR EUDQFKHV� G�G� Q��+H DQG

G�G� S�W� ZLWK QHDUO\ HTXDO EUDQFKLQJ UDWLRV� 7KH WULWRQV LQ WKH VHFRQG EUDQFK� ZKLFK DUH

ERUQ ZLWK ���� 0H9 RI HQHUJ\� FDQ XQGHUJR UHDFWLRQV�LQ�oLJKW ZLWK WKH GHXWHULXP IXHO DQG

SURGXFH VHFRQGDU\ G�W QHXWURQV E\ WKLV WZR�VWHS SURFHVV� 7KH UDWLR RI WKH VHFRQGDU\ WR

SULPDU\ QHXWURQ \LHOG WKXV SURYLGHV D PHDVXUHPHQW RI WKH WULWRQ EXUQXS�

�� ORZ |5

)RU FDSVXOHV ZLWK ORZ YDOXHV RI |5 �� ���� J�FP�� WKH WULWRQ ORVHV OLWWOH HQHUJ\ DV

LW HVFDSHV IURP WKH IXHO UHJLRQ� 7KH VHFRQGDU\ G�W� Q��+H UHDFWLRQV RFFXU DW WKH FURVV

VHFWLRQ FRUUHVSRQGLQJ WR WKH WULWRQ ELUWK HQHUJ\ DQG WKH WULWRQ EXUQXS LV SURSRUWLRQDO WR

|5� 7KH 616 ZLOO EH DEOH WR PHDVXUH WKH VHFRQGDU\ QHXWURQ VSHFWUXP IURP ORZ�|5 FDSVXOHV

�|5  ����� J�FP�� IRU SULPDU\ G�G QHXWURQ \LHOGV DV KLJK DV �d���� DV LQ H[SORGLQJ SXVKHU
FDSVXOHV�

�� PRGHUDWH |5

)RU ODUJHU YDOXHV RI |5 ����� J�FP� � |5 � ���� b ���� J�FP�� GHSHQGLQJ RQ 7H�� WKH

WULWRQV HVFDSH EXW KDYH VLJQLnFDQW HQHUJ\ ORVV ZLWKLQ WKH IXHO UHJLRQ� 7KH WULWRQ EXUQXS

LQFUHDVHV DV LWV HQHUJ\ DSSURDFKHV WKH SHDN RI WKH G�W� Q��+H FURVV VHFWLRQ DW 
 ��� NH9� ,Q
WKLV FDVH WKH EXUQXS LV QRW XQLTXHO\ GHSHQGHQW RQ |5 EXW DOVR GHSHQGV RQ 7H �WKURXJK LWV

HmHFW RQ WKH WLPH WKDW WKH WULWRQ VSHQGV QHDU WKH SHDN RI WKH FURVV VHFWLRQ� DQG QG QH �DV D

UHVXOW RI IXHO GLOXWLRQ GXH WR PL[�� 7KH WULWRQ EXUQXS FDQ YDU\ IURP �d ��b� WR �d ��b� LQ
WKLV UHJLPH� 'HSHQGLQJ RQ WKH YDOXH RI WKH WULWRQ EXUQXS� WKH 616 ZLOO EH DEOH WR UHFRUG WKH

VHFRQGDU\ QHXWURQ VSHFWUXP IRU SULPDU\ G�G QHXWURQ \LHOGV DV KLJK DV �d ����� ,W KDV EHHQ

�



VKRZQ >��@ WKDW WKH VHFRQGDU\ QHXWURQ VSHFWUXP LV XQLTXHO\ UHODWHG WR WKH HQHUJ\ VSHFWUXP

RI WKH WULWRQV UHVSRQVLEOH IRU WKH VHFRQGDU\ UHDFWLRQV� 7KH |5 FDQ EH GHWHUPLQHG IURP

WKH UHDFWLQJ WULWRQ VSHFWUXP WKURXJK D PRGHO IRU WKH WULWRQ HQHUJ\ ORVV� :KHQ WKH |5 LV

ORZ� WKH UHDFWLQJ WULWRQV DUH SHDNHG DW WKHLU ��0H9 ELUWK HQHUJ\ DQG SURGXFH D UHFWDQJXODU

VHFRQGDU\ QHXWURQ VSHFWUXP H[WHQGLQJ IURP ���� WR ���� 0H9� :KHQ WKH |5 LV KLJK� WKH

UHDFWLQJ WULWRQV DUH SHDNHG QHDU WKH PD[LPXP RI WKH FURVV VHFWLRQ DQG SURGXFH D VHFRQGDU\

QHXWURQ VSHFWUXP ZLWK D ):+0 RI 
 � 0H9�

�� KLJK |5

)RU ODUJH YDOXHV RI |5 �! ���� J�FP�� DOO WKH WULWRQV WKHUPDOL]H ZLWKLQ WKH IXHO� 7KH

WULWRQ EXUQXS KDV QR GHSHQGHQFH RQ |5� EXW YDULHV DV 7 � �
H IRU ORZ 7H DQG UHDFKHV 
 ���

EXUQXS DW �� NH9� 7KH EXUQXS DOVR VFDOHV OLQHDUO\ ZLWK QG QH� ,W PD\ SURYLGH D XVHIXO ORZHU

ERXQG IRU 7H �DVVXPLQJ QR PL[� RU D PHDVXUHPHQW RI QG QH LI 7H LV GHWHUPLQHG E\ DQRWKHU

GLDJQRVWLF� 'HSHQGLQJ RQ WKH EXUQXS� WKH 616 VKRXOG EH DEOH WR PHDVXUH WKH VHFRQGDU\

QHXWURQ VSHFWUXP IRU SULPDU\ G�G QHXWURQ \LHOGV DV KLJK DV �d �����

'� |5 PHDVXUHPHQWV XVLQJ WHUWLDU\ QHXWURQV

7KH |5 RI ,&) FDSVXOHV DSSURDFKLQJ LJQLWLRQ FRQGLWLRQV FDQ EH GHWHUPLQHG E\ PHDVXULQJ

WKH KLJK�HQHUJ\ ?WHUWLDU\� QHXWURQV SURGXFHG LQ D WKUHH�VWHS SURFHVV >��@� 7KH VWHSV DUH

�� $ SULPDU\ G�W UHDFWLRQ SURGXFHV D �� 0H9 QHXWURQ�

�� 7KH QHXWURQ KDV DQ HODVWLF VFDWWHULQJ UHDFWLRQ ZLWK D IXHO GHXWHURQ �RU WULWRQ�� ERRVWLQJ

LWV HQHUJ\ DV KLJK DV ���� 0H9 ����� 0H9 IRU D WULWRQ��

�� 7KH VFDWWHUHG GHXWHURQ �RU WULWRQ� IXVHV ZLWK D IXHO WULWRQ �RU GHXWHURQ�� SURGXFLQJ D

WHUWLDU\ QHXWURQ ZLWK HQHUJ\ DV KLJK DV �� 0H9�

�



%RWK WKH QHXWURQ SURGXFHG LQ VWHS � DQG WKH KLJKHVW�HQHUJ\ GHXWHURQV SURGXFHG LQ VWHS

� KDYH UDQJHV ZKLFK DUH ORQJHU WKDQ WKH VL]H RI WKH ?KRW VSRW� LQ WKH IXHO UHJLRQ LQ 1,)

FDSVXOHV DQG ORVH OLWWOH HQHUJ\ LQ WKLV UHJLRQ� $V D UHVXOW� WKH SUREDELOLWLHV RI VWHSV � DQG

� HDFK VFDOH ZLWK |5 DQG WKH UDWLR RI WHUWLDU\ WR SULPDU\ QHXWURQV VFDOHV DV �|5��� 7KH

FRQVWDQW RI SURSRUWLRQDOLW\ GHSHQGV RQ WKH HQHUJ\ UDQJH RI WKH WHUWLDU\ QHXWURQV GHWHFWHG�

DQG LV DSSUR[LPDWHO\ �d ��b� �|5 LQ J�FP�� IRU WHUWLDU\ QHXWURQV EHWZHHQ �� DQG �� 0H9�

6LJQLnFDQW HQHUJ\ ORVV PD\ RFFXU IRU HODVWLFDOO\ VFDWWHUHG GHXWHURQV �RU WULWRQV� ZLWK PXFK

OHVV WKDQ WKH PD[LPXP UHFRLO HQHUJ\� HVSHFLDOO\ IRU WKH |5 YDOXHV H[SHFWHG IRU LJQLWLRQ DQG

KLJK�\LHOG FDSVXOHV� ,QWHUSUHWDWLRQ RI WKH FRPSOHWH WHUWLDU\ QHXWURQ VSHFWUXP ZLOO UHTXLUH

GHWDLOHG FDSVXOH VLPXODWLRQV DQG ZLOO LQYROYH DVVXPSWLRQV DERXW WKH FRUUHFW FKDUJHG SDUWLFOH

HQHUJ\ ORVV PRGHO WR XVH LQ WKH VLPXODWLRQV� 7KH 616 VKRXOG EH DEOH WR PHDVXUH WKH OHDGLQJ

HGJH RI WKH WHUWLDU\ QHXWURQ DUULYDOV �IRU ZKLFK XQFHUWDLQWLHV LQ WKH VORZLQJ�GRZQ PRGHO DUH

PLQLPL]HG� IURP QHDU�LJQLWLRQ FDSVXOHV �|5 
 ��� J�FP�� ZLWK SULPDU\ QHXWURQ \LHOGV XS

WR � d ����� 7KLV \LHOG LV ZLWKLQ DQ RUGHU RI PDJQLWXGH RI FDSVXOH EUHDNHYHQ DQG WKXV WKH
616 VKRXOG EH XVHIXO IRU |5 PHDVXUHPHQWV LQ PRVW SUHLJQLWLRQ WDUJHWV� 2QO\ WKH KLJKHVW

HQHUJ\ SDUW RI WKH WHUWLDU\ QHXWURQ VSHFWUXP ZLOO EH UHFRUGHG VLQFH WKH GHWHFWRU DUUD\ ZLOO

VHH D UDSLGO\ LQFUHDVLQJ QHXWURQ oX[ DIWHU HDFK FKDQQHO KDV GHWHFWHG LWV nUVW QHXWURQ DUULYDO�

,9� 1(87521 6&$77(5,1* $1' %$&.*5281'6

7KH WHUWLDU\ QHXWURQV DUH H[SHFWHG WR EH D ZHDN VLJQDO LQ HDUO\ 1,) H[SHULPHQWV VR PLQ�

LPL]LQJ WKH FRPSHWLQJ EDFNJURXQG VLJQDOV ZLOO EH LPSRUWDQW� 7KH VKDGHG UHJLRQ LQ )LJXUH

� LQGLFDWHV ORFDWLRQV ZKHUH �Q� o� UHDFWLRQV FDXVHG E\ SULPDU\ G�W QHXWURQV FDQ FUHDWH D

EDFNJURXQG IRU WHUWLDU\ QHXWURQ DUULYDOV LQ WKH oLJKW SDWK EHWZHHQ WKH WDUJHW DQG WKH DUUD\�

&RPSDUDEOH VFDWWHULQJ FHQWHUV H[LVW RQ WKH IDU VLGH RI WKH FKDPEHU DV ZHOO EXW DUH QRW VKRZQ

LQ WKH nJXUH WR DOORZ D EORZQ XS YLHZ RI WKH UHJLRQ LQ WKH GLUHFW oLJKW SDWK� ,Q WKHVH ORFD�

WLRQV WKH FRPELQHG oLJKW WLPH RI D SULPDU\ QHXWURQ DQG WKH JDPPD UD\ LW FUHDWHV WKURXJK

LQHODVWLF VFDWWHULQJ FDQ HTXDO WKH oLJKW WLPH RI D WHUWLDU\ QHXWURQ� )RU FU\RJHQLF G�W�nOOHG

�



FDSVXOHV UHDFKLQJ LJQLWLRQ�UHOHYDQW |5 YDOXHV� WKH 616 ZLOO VDWXUDWH RQ WKH OHDGLQJ HGJH RI

WKH WHUWLDU\ QHXWURQ DUULYDOV ���^�� 0H9�� )RU WKLV UDQJH RI WHUWLDU\ QHXWURQ HQHUJLHV� WKH

EDFNJURXQG FUHDWHG E\ SULPDU\ QHXWURQV WUDYHOLQJ FORVH WR WKH 616 oLJKW SDWK LV FUHDWHG LQ

PDWHULDOV ORFDWHG ��^�� P IURP WKH WDUJHW� 7KHUHIRUH VFDWWHULQJ PDWHULDOV PXVW EH H[FOXGHG

IURP WKLV UHJLRQ� 3ULPDU\ QHXWURQV WUDYHOLQJ DW ODUJHU DQJOHV WR WKH 616 oLJKW SDWK DQG

ZKLFK VFDWWHU IURP PDWHULDOV DW VKRUWHU GLVWDQFHV IURP WKH WDUJHW FRXOG DOVR FRQWULEXWH WR

WKH EDFNJURXQG �7DEOH ,,�� EXW WKHLU HmHFW FDQ EH HOLPLQDWHG E\ LQVWDOOLQJ D FROOLPDWRU QHDU

WKH HQWUDQFH WR WKH 616 DOFRYH� :H SODQ WR GHVLJQ WKLV FROOLPDWRU DQG VLPXODWH WKH 1,) VFDW�

WHULQJ HQYLURQPHQW XVLQJ WKH 0&13 FRGH >��@� 6FDWWHULQJ ZLWKLQ WKH 616 GHWHFWRU KRXVLQJ

FUHDWHV D WDLO RQ WKH SULPDU\ G�W QHXWURQ VSHFWUXP DQG FRPSOLFDWHV WKH GHWHUPLQDWLRQ RI LRQ

WHPSHUDWXUH >�@� :H SODQ WR XVH WKH 0&13 FRGH WR HYDOXDWH PRGLnFDWLRQV WR WKH GHWHFWRU

KDUGZDUH WKDW FRXOG UHGXFH WKH FORVH�LQ VFDWWHULQJ� %\ ORFDWLQJ WKH 616 RQ DQ HOHYDWHG

SODWIRUP� ZH FDQ NHHS QHDUE\ VRXUFHV RI VFDWWHUHG QHXWURQ EDFNJURXQGV WR D PLQLPXP�

�



5()(5(1&(6

e :RUN VXSSRUWHG E\ 86 '2( FRQWUDFW :������(1*����

>�@ -� &� )HUQuDQGH]� HW DO�� 3K\V� 5HY� /HWW� �� ������ �����

>�@ 1� '� 'HODPDWHU� HW DO�� 3K\V� 3ODVPDV � ������ �����

>�@ 5� (� &KULHQ� HW DO�� 3K\V� 3ODVPD � ������ ����

>�@ :� 6� 9DUQXP� HW DO�� 3K\V� 5HY� /HWW� �� ������ �����

>�@ 5� (� &KULHQ� .� $� .ODUH� DQG 7� -� 0XUSK\� 5HY� 6FL� ,QVWU� �� ������ ����

>�@ 'HDQ /HH� SULYDWH FRPPXQLFDWLRQ �������

>�@ 5� (� &KULHQ� '� )� 6LPPRQV� DQG '� /� +ROPEHUJ� 5HY� 6FL� ,QVWU� �� ������ �����

>�@ 5� (� &KULHQ� HW DO�� )XVLRQ (QJ� 'HVLJQ ��^�� ������ ����

>�@ 0LNH &DEOH� SULYDWH FRPPXQLFDWLRQ �������

>��@ &ODUN 7KRPSVRQ� SULYDWH FRPPXQLFDWLRQ �������

>��@ 7� -� 0XUSK\� HW DO�� WKHVH SURFHHGLQJV�

>��@ 7� -� 0XUSK\� 5� (� &KULHQ� .� $� .ODUH� 5HY� 6FL� ,QVWUXP� �� ������ ����

>��@ +� %U\VN� 3ODVPD 3K\V� �� ������ ����

>��@ 5� $� /HUFKH DQG %� $� 5HPLQJWRQ� 5HY� 6FL� ,QVWUXP� �� ������ �����

>��@ 0� '� &DEOH� -� $SSO� 3K\V� �� ������ �����

>��@ 0� %� 1HOVRQ DQG 0� '� &DEOH� 5HY� 6FL� ,QVWU� �� ������ �����

>��@ 7� (� %OXH DQG '� %� +DUULV� 1XFO� 6FL (QJ� �� ������ ����

>��@ 0� '� &DEOH DQG 6� 3� +DWFKHWW� -� $SSO� 3K\V� �� ������ �����

>��@ +� $]HFKL� 0� '� &DEOH� DQG 5� 2� 6WDSI� /DVHU DQG 3DUWLFOH %HDPV � ������ ����

��



>��@ -� )� %ULHVPHLVWHU� HG�� /RV $ODPRV 1DWLRQDO /DERUDWRU\ 5HSRUW� /$�������0 �������

��
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),*� �� /RFDWLRQ RI WKH 616 ZLWKLQ WKH 1,) WDUJHW DUHD� 7KH VKDGHG UHJLRQ LQGLFDWHV WKH

ORFDWLRQ ZKHUH JDPPD UD\V IURP LQHODVWLF VFDWWHULQJ RI SULPDU\ QHXWURQV FDQ DUULYH DW WKH GHWHF�

WRU DW WKH VDPH WLPH DV WHUWLDU\ QHXWURQV� IRU WKH oLJKW SDWK EHWZHHQ WKH WDUJHW DQG WKH DUUD\�

&RPSDUDEOH VFDWWHULQJ DUHDV H[LVW RQ WKH IDU VLGH RI WKH WDUJHW DV ZHOO� EXW DUH QRW VKRZQ LQ WKLV

nJXUH�

��
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7$%/( ,� $UULYDO WLPHV IRU D ���P oLJKW SDWK RQ 1,)�

VSHFLHV HQHUJ\ �0H9� YHORFLW\ �FP�QV� DUULYDO WLPH �QV�

JDPPD UD\V DQ\ ����� ��

WHUWLDU\ QHXWURQV �KLJK� ���� ���� ���

WHUWLDU\ QHXWURQV �ORZ� �� ���� ���

VHFRQGDU\ QHXWURQV �KLJK� ���� ���� ���

G�W QHXWURQV ����� ���� ���

VHFRQGDU\ QHXWURQV �ORZ� ���� ���� ���

G�G QHXWURQV ���� ���� ����

7$%/( ,,� &RPELQDWLRQV RI GLVWDQFH IURP WKH WDUJHW DQG DQJOH IURP WKH 616 oLJKW SDWK DW

ZKLFK D SULPDU\ G�W QHXWURQ FRXOG FUHDWH D JDPPD UD\ WKURXJK LQHODVWLF VFDWWHULQJ WKDW KDV WKH

VDPH DUULYDO WLPH DW WKH 616 DV D WHUWLDU\ QHXWURQ�

���� 0H9 WHUWLDU\ �� 0H9 WHUWLDU\ �� 0H9 WHUWLDU\ �� 0H9 WHUWLDU\

DQJOH �GHJUHHV� GLVWDQFH �P� GLVWDQFH �P� GLVWDQFH �P� GLVWDQFH �P�

� ���� ���� ���� ����

�� ���� ���� ���� ����

�� ���� ���� ���� ����

�� ���� ���� ���� ����

�� ���� ���� ���� ����

��
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